An attempt is made to construct a road map for translating various plasma domains in the magnetosphere to their counterparts in the auroral ionosphere. Results of previous work have allowed much to be inferred about where in the magnetosphere auroral processes are taking place. The main aurora! oval appears to be associated with magnetospheric processes well separated from boundary layer processes with the exception of the dayside sector between about 8 and 16 MLT. This sector is apparently dominated by sources in the dayside boundary layer and by the region where the nightside cross-tail current intersects the boundary layer regions. The division between the stably trapped particles and isotropic distributions probably coincides with the most equatorward discrete arc system involved with the substorm onset. Thus the diffuse aurora equatorward of the discrete aurora would be a ring current related phenomena and the nightside discrete aurora would originate dominantly from the central plasma sheet. During magnetically active conditions the outer edge of the central plasma sheet plays a more important role in the production of the discrete aurora. Diffuse aurora poleward of the discrete system is probably linked to velocity dispersed ion signatures seen in the low altitude ionosphere.
Magnetospheric Structure
The Earth's magnetosphere is formed as a result of an interaction between the solar wind and the geomagnetic field. Figure 1 shows a cartoon representing the various magnetospheric regions and their corresponding ionospheric mappings (modified from GALPERIN and FELDSTEIN, 1991) . The magnetospheric boundary on the dayside is located at geocentric distances of about 10 RE, and on the nightside a magnetotail extends in the antisunward direction. The above geometry of the geomagnetic field suggests the existence of large-scale currents at the surface of the magnetosphere (MC), in the tail of the magnetosphere (TC) and near the Earth (ring current (RC)). Field-aligned currents (FAC) link these systems to the Earth's ionosphere. All of the currents together determine the large-scale structure of an external magnetospheric field, and, consequently, its division into a number of plasma regions. These include the central plasma sheet (located both north and south of the tail current), the boundary plasma sheet, the mantle, the cusp, the region of the radiation belt with stably trapped particles, and finally the plasmasphere. The main part of the ring current and the soft auroral particles arriving from the tail plasma sheet (as a result of large-scale magnetospheric convection) are located in the region called the remnant layer which extends up to the plasmapause.
In order to understand high latitude ionospheric phenomena one must first have some Fig, l . Three-dimensional diagram of the relationship of the various magnetospheric plasma domains to auroral luminosity and to the location of the large scale electric currents in the magnetosphere. The magnetosphere has been cut in the meridional and equatorial planes to show its internal structure. The polar diffuse aurora is related to the boundary plasma sheet (2) and to the mantle (6). The auroral oval corresponds with the central plasma sheet (3) and the entry layer (5). The diffuse auroral region equatorward of the auroral oval maps to the remnant layer (4). (Modified from GALPERIN and FELDSTEIN, 1991, copyright Cambridge UP.) knowledge of where the regions of Fig. 1 map to in the ionosphere. Making use of the TSYGANENKO (1987 ) long magnetospheric model, ELPHINSTONE etal. (1991a related various regions in the equatorial plane to corresponding regions in the ionosphere and determined some fundamental relationships to the auroral distribution. On the basis of that paper and a subsequent paper (ELPHINSTONE et al., 1991b) it appears likely that: 1) The structured auroral region in the dayside ionosphere between about 8 and 16 MLT is probably related to dayside boundary layer processes. This region is highly dynamic being alternatively on open or closed field lines and has been termed the "cleft". It is the ionospheric meeting point of magnetospheric areas greatly separated in space. Poleward of it and strongly related to the noon sector connection points of polar arcs is the magnetic cusp.
2) The locus of field lines attached to the Earth creates a region extending to about 17 RE in the dawn-dusk meridian plane and about 10 RE in the sunward direction. Increasing magnetic activity moves this subsolar point earthward and its ionospheric projection equatorward.
3) The maximum of the volume current density in the nightside equatorial plane is generally located within xGSM = -10 RE. It moves earthward and intensifies with increasing magnetic activity. An association can be made with this "nightside cusp" region and the main auroral oval. Changes to the volume current density maximum can directly result in the motions of the structured oval. This interpretation does not require directly relating open flux changes (in the nightside magnetosphere) with the changes to the structured aurora in the midnight sector. 4) During high levels of activity particularly during substorm recovery, a.second region near the outer edge of the central plasma sheet is activated and may be associated with the "double oval" which occurs during these times .
5) The plasma sheet thickness decreases in the antisunward direction while the area of the tail cross-section increases. The plasma sheet and boundary layers are thicker for low levels of magnetic activity than for high.
The Auroral Oval and Its Relationship to the Plasma Sheet in the Magnetotail
There is a region in the nightside magnetotail known as the nightside cusp. Earthward of this region, the magnetic field is approximately Bipolar while tailward of it small ionospheric distances translate to large magnetospheric distances. This nightside cusp occurs in the vicinity of the magnetotail where the volume current density associated with the cross-tail current maximizes. Using the TSYGANENKO (1987) long external field model combined with the IGRF (1985) internal field, ELPHINSTONE et al. (1991a) evaluated the location of the maximum of the volume current density at each ionospheric local time and compared it with the latitudinal peak in the UV aurora (Lyman-Birge-Hopfield bands, 1400-1800 A) observed by the Viking spacecraft. A summary of the results are shown here in Fig. 2 . One can see, that for a wide range of Kp indices and tilt angles of the dipole axis there is a close relation between the position of the current density maximum in the magnetospheric tail and the location of the peak emissions of the UV auroral oval. The projection of the current density maximum to ionospheric heights coincides at nearly all magnetic local times with the latitude of the peak UV auroral emissions. This peak probably represents the transition region from a mainly diffuse auroral precipitation to a more discrete region in its poleward portion (ELPHINSTONE et al., 1991b) . VASYLI[JNAS (1970) showed that the inner edge of the plasma sheet is mapped to the equatorward oval boundary. Thus, the current density maximum in the tail of the magnetosphere is located close (in the sense of its ionospheric projection) to the inner edge of the plasma sheet and to the nightside "cusp".
These boundaries near midnight usually lie in the vicinity of the so-called "sharp" trapping boundary, As, defined as a sharp decrease of the trapped (anisotropic) high-energy particle intensity in the outer belt. However, intense isotropic high-energy electrons can be seen poleward of As. Such electron fluxes increase drastically during magnetospheric disturbances. The poleward boundary of such flare-like precipitations is usually indicated as Ab (A background).
The fundamental importance of the As boundary arises from its proximity in the nearmidnight region to where the equatorwardmost auroral arc activates (i.e., the onset region of a classic auroral substorm). Such a coincidence can be explained physically by the isotropization of high-energy particle fluxes resulting from a non-conservation of the magnetic moment close to the current sheet. In this region of the nightside "cusp" the radius of curvature of field lines becomes comparable to the Larmour radius. This decrease in the radius of curvature is related directly to the existence of the large-scale cross-tail current in the neutral sheet. Thus, a simple explanation exists for the observation that the equatorward boundary of the discrete auroral oval is related to the earthward edge of the tail current sheet.
That this inner tail region is one source for the optical substorm onset has been described One of the objections to the above viewpoint has been, for a long time, the absence of structures and fast flows in the central plasma sheet. If the proposed mapping of the discrete oval to the central plasma sheet is to be accepted, some manifestation of the processes taking place in arcs should be observed there. Until recently the central plasma sheet was usually considered as a region of generally isotropic particle distribution with no significant activity in the form of flows or beams. This viewpoint has been challenged as a result of high resolution measurements from the IRM satellite at high altitudes (BAUMJOHANN et al., 1990a, b) . Intense particle flows mostly of short duration were frequently observed by IRM inside the central plasma sheet and even close to, or inside the neutral sheet. These flows were seen in the central plasma sheet with occurrence rate comparable to that found in the plasma sheet boundary layer.
Poleward of the discrete auroral distribution there is a very weak diffuse luminosity This narrow ring is likely to be the projection of the equatorial region immediately tailward from the peak in the volume current density. At ionospheric local times closer to noon the projection of this oval moves to the flanks of the magnetosphere until as one approaches ionospheric local noon the nightside low latitude boundary layer and the magnetopause are reached.
The daytime sector of the oval is mapped both close to the dayside magnetopause in the equatorial plane (i.e., the entry layer), and to the low latitude boundary layer regions along the nightside flanks. Thus, the boundary regions of magnetosphere are mapped to the daytime sector of the ionosphere. The diffuse luminosity region polewards of the discrete oval during quiet times (Fig. 5) , upon mapping to the equatorial plane, embraces the remote magnetospheric regions, and in they-zGsM plane includes practically all the area at highzGSM values. The region to which the discrete oval maps to still exists (in cross-section) atxGSM =-15 RE and to a lesser extent at xGSM = -45 RE. The diffuse luminosity embraces both the region of closed field lines and that of the "open" field lines which exit the model boundaries (60 RE). So, during quiet magnetic intervals, all the internal magnetosphere, from the plasmapause to about xGSM = -10 RE on the nightside, and to the magnetopause on the dayside is mapped to the region of diffuse luminosity. The line corresponding to the region of enhanced cross tail current upon mapping to ionospheric heights, coincides approximately with the narrow band of the discrete oval (or at least its equatorward boundary). The auroral oval is mapped in the y-zGsM cross-section of the magnetospheric tail at xGSM = -15 RE to a thin layer (N2 RE) near yGSM = 0 and thickens on the sides up to about 4-6 RE. Most of the remaining part of the tail cross-section corresponds to the region of polar diffuse luminosity. The counterpart at xGSM = -15 RE to the ionospheric region devoid of the diffuse luminosity occurs at high values of zGsM. At xGSM = -45 RE the 3) The region between the inner plasmasheet boundary and the plasmapause (remnant layer) probably is mapped onto the range of latitudes equatorward of the discrete oval and poleward of the trough wall (i.e., the equatorward region of diffuse luminosity).
4) The entry layer,
